Intense light-field application to solids produces enormous/ultrafast non-linear phenomena such as high-harmonic generations 1, 2 and attosecond charge dynamics 3, 4 . They are distinct from conventional photonics. However, main targets have been limited to insulators and semiconductors, although theoretical approaches have been made also for correlated metals and Light-induced charge motions in solids are governed by electron-electron scatterings; thus, a quasi-particle state by the dynamical screening effect 6-8 .
In this letter, we report that a non-linear charge oscillation is induced in all of three -(BEDT-TTF)2Cu[N(CN)2]Br (h-Br, crystal and thin film) and -(d-BEDT-TTF)2Cu[N(CN)2]Br (d-Br, crystal) samples that were investigated (metallic to superconducting vs. insulating) by a 6 fs nearly single-cycle light-field of 11 MV/cm. The non-linear oscillation emerges as a stimulated emission in the near infrared region and is characterized as a polar charge oscillation (Fig. 1b) . A distinctive enhancement near TSC and TEND is shown only for the metallic-to-superconducting sample (h-Br crystal).
The optical conductivity spectrum () of -(BEDT-TTF)2Cu[N(CN)2]Br
(h-Br) along the c-axis at 4 K 24, 25 in Fig. 2a is well reproduced using the Drude-Lorentz model (orange line) 25, 26 . A large increase in the reflectivity R (R/R180% at 0.63 eV) is observed on the higher energy side of the dimer band for time delays (td) of 10 fs after the application of the light-field (along the c-axis, excitation intensity Iex=1.0 mJ/cm 2 = 11 MV/cm)( Fig.   2b ) . The rise in the electron temperature is negligible at td=10 fs because electrons are scattered only a few times before . The R/R spectrum at td=200 fs in Fig. 2b is reproduced by the Lorentz analysis assuming an additional oscillator (see . To judge whether the observed ΔR/R peak at 0.63 eV is due to a stimulated emission or an induced absorption, we performed transient transmittance (ΔT/T, T denotes a transmittance) and R/R measurements using a 180 nm thin film of h-Br (insulator, Supplementary-4) on a CaF2 substrate 27 (Fig. 2c) . The blue dots in Fig. 2c represent T/T of the thin film (excitation and detection polarizations are 5 along the c-axis, Iex=1.0 mJ/cm 2 , td=10 fs), which show a large increase (T/T20%) at 0.67 eV, td=10 fs. The R/R spectrum (red dots in Fig. 2c) shows a reflectivity increase which is roughly consistent with that for the crystal (Fig. 2b) . Note that R/R>0 and T/T>0 in Fig. 2c (optical gain) are ascribed to a stimulated emission (S. E.). The corresponding peak in R/R is also observed for insulating d-Br (crystal) .
In the R/R spectra for td=10 fs at 6 K (Fig. 3a) , the peak is observed at 0.63 eV for any Iex (=1, 0.1 and 0.01 mJ/cm 2 ). The time profiles of the R/R peak ( Fig. 3b) at Iex=1.0 mJ/cm 2 (red line) and at 0.1 mJ/cm 2 (blue line) are analysed assuming fast (< 10 fs) and slow (100 fs) build-up components.
They are reproduced by the conventional method as shown by the black line that has an oscillating component manifested in Fig. 3c . The details are described in Supplementary-5. The fast build-up (< 5 fs) with decay (70 fs) is dominant (65.4 %) in comparison with the slow rise (90 fs). However, the slow component is dominant (67.8 %) at Iex=0.1 mJ/cm 2 . The ultrafast component is strongly non-linear (Fig. 3d) , i.e., R/R at 0.63 eV for td=10 fs (red circles) shows a super-linear dependence on Iex (the dashed line shows an eye guide for a linear increase). For larger Iex in the inset, it continues to increase linearly up to Iex>1.3 mJ/cm 2 . The solid line intercepts at Iex0.1 mJ/cm 2 , showing the threshold-like dependence for the ultrafast component.
The highlight is an enhancement of R/R near TSC and TEND. The temperature dependence of the R/R spectrum is shown for td=10 fs at Iex =1.0 mJ/cm 2 ( Fig. 4a ) and 0.01 mJ/cm 2 (Fig. 4b) . The 0.63 eV peak grows with reducing temperature below 50 K for both Iex. These ultrafast responses 6 indicate an anomalous enhancement near TEND (30 K) and further increases at lower temperatures (1.0 mJ/cm 2 , Fig. 4c ) (Results for td=500 fs are in . The rise in the electron temperature is negligible at td=10 fs, although the anomalies at 10 K and 28 K show 24 K shifts (at 1.0 mJ/cm 2 ) to the low-temperature side because of a heat accumulation in a 1 kHz operation . This 10 fs response is in contrast to the energy/time scale of a superconducting gap and its fluctuation (meV from TSC=11.6 K, ~picosecond). For small Iex, the increase in R/R below 2TSC at Fig. 5c ) is mainly distributed (≤ 0.7 eV) in the spectral range of  for polarization along the c-axis (upper panel of Fig. 5c ). This FT spectrum for F=0.01 corresponds to charge oscillations due to transitions from bonding to anti-bonding states around a dimer. With increasing F, the spectral weight at a higher energy (0.9 eV) becomes dominant. This FT spectral weight is attributable to the polar charge oscillation in Fig. 5b . This polar charge oscillation is driven by the charge transfers through different bonds, i.e., charges flow into a white site from four neighbouring gray sites through the b1, b2, and two q bonds (Fig. 5b, left) , and then charges flow back to the gray sites (Fig. 5b, right) . The observed peak energy of 0.63 eV indicates that the oscillation period is 6 fs.
At TEND, the potential barrier is absent for the phase transition. In such a situation, a strong light field can induce the non-linear charge response shown in Figs. 5a and 5b with large amplitude. Since the Coulomb repulsion is larger than 0.4 eV(= / (10 ) fs ), the ultrafast 10 fs response of the anomaly at TEND is reasonable, i.e., the insulator to metal transition is of electronic origin because the timescale of inter-molecular motion (> 200 fs) is much longer.
It is noteworthy that the instantaneous charge distributions ( Though a detailed mechanism for the enhancement near TSC is unclear, the 10 fs response is sensitive to TSC only for the strong field (Fig. 4) . This with the thickness of 0.5 mm) were prepared using the methods described in previous studies 24, 27 . 9 6 fs infrared pulse generation. The 6 fs pulse covering 1.2-2.3 m, is generated by the method described in Refs. 15 and 30, i. e., a broadband infrared spectrum covering 1.2-2.3 m is obtained by focusing a carrier-envelope phase (CEP) stabilized idler pulse (1.7 m) from an optical parametric amplifier (Quantronix HE-TOPAS pumped by Spectra-Physics Spitfire-Ace) onto a hollow fibre set within a Kr-filled chamber (Femtolasers).
Pulse compression is performed using both active mirror (OKO, 19-ch linear MMDM) and chirped mirror (Femtolasers) techniques. The pulse width is derived from the SHG autocorrelation.
Transient reflectivity and transmittance measurements.
We performed transient reflectivity and transmittance measurements for the single crystal and the thin film 27 using a 6 fs pulse. In this study, the intensity of the pump pulse is controlled in the wide range from 0.01 to 1.3 mJ/cm 2 with the step of 0.006 mJ/cm 2 by a pair of wire-grid CaF2 polarizers 30 .
In the transient reflectivity/transmittance measurement, the probe pulse reflected/transmitted from the sample is detected by an InGaAs detector (New-Focus model 2034) after passing through a spectrometer (JASCO, M10).
Data Availability
The data that support the plots within this paper and other findings of this study are available from the corresponding author upon reasonable request. Iwai wrote the paper after discussing with all the co-authors. R/R>0 and T/T>0 are ascribed to a stimulated emission (S. E.) selectively driven in a coherent manner reducing dissipation. At shorter td = 10 fs, the R/R spectrum has a broad tail reflecting the uncertainty relation between time and frequency. A coherent artifact is also detected as a small 0.7 eV peak at td = 10 fs.
Increase in electron and lattice temperatures
The application of an 11 MV cm -1 light field is expected to increase electron and lattice temperatures. Considering the coefficient of the linear temperature dependent term of the specific heat  = 22 mJ K -2 mol -1 S5 , the electron temperature is finally expected to be 520 K. However, the rise in the electron temperature is negligible at td = 10 fs [when the anomalies are observed in the temperature dependence (Fig. 4) ] because electrons are scattered only a few times before in this compound. In fact, an anomaly is detected in Fig. 4c near TSC. On the other hand, the lattice temperature at a millisecond after the pulse irradiation (when the next laser pulse arrives in a 1-kHz operation) is a little higher than before, resulting in a heat accumulation and the fact that the anomalies at ~10 K and ~28 K are shifted from TSC and TEND to the low-temperature side by 2~4 K.
Transient transmittance measurement in a thin film of -(BEDT-TTF)2Cu[N(CN)2]Br
We should be careful about that the phase boundary between the superconducting and the insulating phases is sensitive to the pressure, i.e., a thin film of -(BEDT-TTF)2Cu[N(CN)2]Br (h-Br) can be made insulating (possibly with small superconducting fluctuations) owing to the negative pressure effect from the substrate 27 . If the thin film is insulating at all temperatures as a consequence (actually this is the case), it is impossible to obtain information on influences from the metal-insulator and superconducting transitions by measuring ΔT/T and ΔR/R on the thin film of h-Br. The nonlinear charge oscillation is observed not only for superconducting h-Br (single crystal) (Fig. 2b) , but also for insulating h-Br (thin film) (Fig. 2c) Thus, we use the h-Br thin film for judging whether the reflectivity increase is due to a stimulated emission or an induced absorption. On the other hand, the anomalous enhancement of the nonlinear charge oscillation is observed only for superconducting h-Br (single crystal, Fig. 4) , not detected for insulating h-Br (thin film, Fig. S1c ) or d-Br (single crystal, Fig. S1a ). No anomaly in the temperature dependence in d-Br (Fig. S1a) , which does not have TSC or TEND on its small t/Udimer side, shows that the distinctive enhancements of R/R are related to TSC and TEND. The time profiles of ΔT/T for h-Br (thin film) (Fig. S1d) and those of ΔR/R for insulating d-Br (bulk) (Fig. S1b) are also shown.
Analysis of time profile of ΔR/R
The time profile of the R/R peak is analysed by the conventional method as shown by the black line (Fig. 3b) It is noted that the enhancement of R/R near TSC is observed even at td = 10 fs (only for a high-excitation intensity) as shown in Fig. 4 . However, as shown above, the 500 fs response is also sensitive to superconducting fluctuations below 2TSC (even for weaker excitations Iex = 0.1 and 0.01 mJ cm-2 in Figs. S2b and S2c). Such a picosecond response has already been discussed in terms of quasi-particle dynamics which is related to the pseudo gap in cuprates [10] [11] [12] 14 and this compound 13, 14 . In contrast, the <10 fs ultrafast rise (the rise time obtained by the fitting is <5 fs, as described in Supplementary 5 ) cannot be driven by such a quasi-particle dynamics that responds on the time scale of picosecond. In fact, R/R indicates a very fast (70 fs) decay component, showing that the nonlinear charge oscillation is damped before the conventional quasi-particle dynamics plays a dominant role. Considering the ultrafast rise (<10 fs corresponding to the energy scale of >0.4 eV), the Coulomb repulsive interaction should play an important role. It is also demonstrated by the theoretical calculation that the nonlinear charge oscillation becomes dominant with increasing on-site Coulomb energy (Fig. 5d ).
In addition, the anomaly in R/R near TSC for td = 10 fs shows the Iex dependence which is different from that for td = 500 fs, i.e., the increase in R/R with 10 fs-rise/70 fs-decay below 2TSC is clear for Iex = 1 mJ cm-2 ( Fig.   4c ), while it is substantially reduced for 0.1 mJ cm-2 ( Fig. 4d ) and turns to a decrease for 0.01 mJ cm-2 (Fig. 4e) . In contrast, such a distinct Iex-dependence of the anomaly cannot be detected for td = 500 fs (the increase toward TSC is almost independent of Iex for td = 500 fs). Such a difference in the Iex dependence also indicates that the origin of the response at td = 10 fs is completely different from that at td = 500 fs. Anomalies near TSC and TEND observed for both td = 10 fs and 500 fs are not seen for the steady state reflectivity in this spectral region (Fig. S3 ). 
